We describe a strategy for the selection and amplification of foreign gene expression in Chinese hamster ovary (CHO) cells employing a metallothionein gene-containing expression vector. This report describes an amplification procedure that results in an enrichment of clones exhibiting high levels of recombinant protein production and reduces the labour required for screening recombinant cell lines.
Introduction
Mammalian cells are used as hosts for expression of genes obtained from higher eukaryotes because the signals for synthesis, processing and secretion of these proteins are usually recognized. Most commonly used expression systems are based on stably transfected Chinese Hamster Ovary (CHO) cells. CHO cells have become the host of choice for the large scale production of recombinant proteins for therapeutic use since these cells can grow either attached or in suspension and adapt well to growth in the absence of serum. High-level expression of a desired gene can be achieved by selecting for amplification of a coexpressed marker gene. Although various cell lines can be used for gene amplification, many protocols rely upon the use of CHO cells. Two widely used amplification systems employing CHO cells are the dihydrofolate reductase (DHFR) (Alt et al. 1978) and glutamine synthetase (GS) (Cockett et al. 1990 ) genes. Selective cycling in the presence of increasing concentrations of methotrexate (MTX), an inhibitor of DHFR function or methionine sulfoximine (MSX), an inhibitor of GS results in amplification of the integrated DNA and increased expression of the desired gene product.
We chose to investigate the use of the amplifiable gene, metallothionein (MT). Since CHO cells contain endogenous DHFR and GS enzymes, high levels of inhibitor are required to achieve significant amplification of the respective genes. Although CHO cells contain MT genes, they lack MT activity because the genes have become silenced as a result of DNA methylation (Gounari et al. 1987 , Harris 1984 , Stallings et al. 1986 ). An expression vector harbouring the MT gene can be used for the coamplification of a foreign gene (Beach & Palmiter 1981) . In this report we compared two strategies for gene amplification using MT. One strategy involves culturing pools of stably transfected cells in increasing concentration of metal ions (Kaufman 1990) followed by isolating individual clones by limiting dilution. The second strategy involves isolating individual clones of cells followed by their adaptation to increasing levels of metal ions. The former strategy is preferable to the latter due to the time and labour saved. We describe a protocol for the rapid isolation of cell lines with amplified foreign gene expression based on the coamplification of heterologous metallothionein.
Materials and methods
The pNK expression vector was constructed using the modified metallothionein M2.6 promoter (McNeall et al. 1989 ). The human metallothionein II A gene (from nucleotide minus 720 to plus 1000 relative to the start codon) (Karin & Richards 1982) was inserted into the vector as a PstI genomic fragment. The reporter gene, chloramphenicol acetyl transferase (CAT), was derived from pCEP4 CAT (Invitrogen) and cloned as a HindIII-KpnI fragment into the multiple cloning site of pNK to obtain pNK-CAT. Supercoiled pNK-CAT DNA was purified by cesium chloride-density gradient ultra-centrifugation and adjusted to 1µg/µl in sterile TE (10 mM Tris, 1 mM EDTA, pH 8.0).
DNA transfection and selection
Chinese hamster ovary (CHO) cells (ATCC CCL 61) were transfected with 5 µg pNK-CAT DNA and 30 µl DOTAP (Boehringer Mannheim) according to the manufacturer's protocol. Transfections were performed in triplicate in 60 mm dishes. Transfected cells were maintained in selective medium (400 µg G481 ml −1 (Sigma) in DMEM/F12 media with 10% fetal calf serum (FCS)) for a period of two weeks with fresh media added every three days. Untransfected CHO cells succumbed to cytotoxic effects in selective medium within two weeks.
Cell culture and amplification procedure
For strategy A, pools of G418 resistant cells were grown in DMEM/F12 supplemented with 10% FCS in T75 flasks (Corning) and after reaching a confluent monolayer were detached in 0.2% EDTA and re-seeded at 1:5 or 1:10 the cell density. The initial concentration of metal used was 50 µM ZnSO 4 and 2.5 µM CdCl 2 . Pools of cells resistant to this concentration of metal were grown to confluence and passaged 3 or 4 times in the same concentration before increasing metal in the media. Subsequent increments of metal ions added were 5, 10, 20, 40, 60, 120 and 240 µM CdCl 2 . For strategy B, a pool of G418 resistant cells were cloned by limiting dilution plating. Individual clones were grown in stepwise increments of metal as indicated in the text.
CAT assays
CAT assays were performed using a CAT ELISA kit (Boehringer Mannheim). Cell lysates were assayed from duplicate 60 mm tissue culture dishes (Nunc) according to the manufacturer's protocol (Boehringer Mannheim). Protein concentration was determined using the DC protein assay kit (Bio-Rad). CAT protein standards were included at concentrations of 0.2, 0.4, 0.8 and 1.6 ng ml −1 . A colormetric reaction was analysed on the Bio-Rad Microtitre Plate Reader Model 3550 at 405 nm test wavelength and 490 nm reference wavelength.
Southern blot analysis
The cells were detached in 0.2% EDTA, and washed once in PBS before freezing at −70 • C or the cellular pellet was resuspended in 5 ml of digestion buffer (10 mM Tris-HCl, pH 7.5, 5 mM EDTA, 0.5% SDS) and 100 µg ml −1 Proteinase K. After incubation overnight at 37 • C, DNA was extracted three times with phenol/chloroform, resuspended in 1 ml TE, pH 8.0, and quantified from its absorbance at 260 and 280 nm as described by Bohr et al. (1985) . 10ug of DNA was digested by HindIII and KpnI (Pharmacia) overnight and then run on a 0.7% neutral agarose gel before transfer by vacuum blotting to a 20× SSCpre-soaked Hybond N nylon membrane (Amersham Life Science Ltd). After transfer, the DNA was fixed permanently to the membrane by UV cross-linking. A CAT probe was obtained by digesting pNK-CAT with HindIII and KpnI (Pharmacia) and gel-purified. 50 ng CAT DNA was labeled by random priming using the Gene Images TM kit (Amersham Life Science Ltd). Pre-hybridization, hybridization and antibody incubation steps are performed according to the CDP-Star detection module protocol (Amersham Life Science Ltd). Five minutes after reagent addition, the blots were exposed to Hyperfilm ECL (Amersham Life Science Ltd). Detection was done using the Bio-Rad Molecular Imager. Densitometry was performed using Bio-Rad Multi-Analyst.
Results and discussion
We constructed a mammalian expression vector, pNK, shown in Figure 1 , in which the metal-inducible metallothionein promoter M2.6 (McNeall et al. 1989) was used for regulated expression of the reporter CAT gene, cloned into the multiple cloning site of pNK. The pNK vector includes the neomycin gene and the human metallothionein IIA gene to allow for plasmid selection and amplification respectively. Our objective
